Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 689 044 A1 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 95109563.7 
(§) Date of filing: 20.06.95 



© mt ci e G01N 15/08 



© Priority: 24.06.94 JP 143343/94 

© Date of publication of application: 
27.12.95 Bulletin 95/52 

© Designated Contracting States: 
CH DE FR LI 

© Applicant: SANYO ELECTRIC Co., Ltd. 
5-5, Keihanhondori 2-chome 
Moriguchi-shi, Osaka (JP) 

© Inventor: Nakamura, Hiroshi 
1-16-8-403, Kayashimahigashi 
Neyagawa-shi, 
Osaka (JP) 
Inventor: Fujitani, Shin 
4-33, Kitakuzuhacho 
Hirakata-shi, 
Osaka (JP) 

Inventor: Nakamura, Yumiko 
1-1-18-1203, Honmachi 
M riguchi-shi, 
Osaka (JP) 



Inventor: Yonesaki, Takahiro 

986-5-H1-109, Yoshida, 

Oizumicho 

Ouro-gun, 

Gunma (JP) 

Inventor: Nishimura, Koichi 
2-8-A8-813, Yamadanishi 
Suita-shi, 
Osaka (JP) 

Inventor: Imoto, Teruhiko 

43-14-405, Suehirocho 

Kadoma-shi, 

Osaka (JP) 

Inventor: Yonezu, Ikuo 

26-36-303, Shakusonjicho 

Hirakata-shi, 

Osaka (JP) 



© Representative: Glawe, Delfs, Moll & Partner 
Patentanwalte 
Postfach 26 01 62 
D-80058 Munchen (DE) 



© Apparatus for and method of measuring gas absorbing characteristics 



CO 
CD 



© The invention relates to an apparatus for mea- 
suring the gas absorbing and/or desorbing char- 
act ristics of a substance having a property to ab- 
sorb a gas. The apparatus comprises a sample 
container for containing the substance, a gas storage 
connected to the sample container for storing the 
gas until a predetermined pressure is reached, a gas 
supply source for supplying the gas to the gas 
storage, a first valve provided on a line connecting 
the gas supply source to the gas storage, a second 
valve provided on the line between the first valve 
and the gas storage, and a third valve provided on a 
gas discharge line connected to the line between the 
first and second valves, the first to third valves being 
each a two-position valve having an open position 
and a closed position, the valves defining a region 
thereby surrounded and serving as a preliminary 



storage for temporarily holding the gas when the gas 
is supplied or discharged. The substance having the 
gas absorbing property is, for example, a hydrogen 
absorbing alloy, and the gas is hydrogen. 
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FIELD OF THE INVENTION 

The present invention relates to apparatus 
adapted to cause a substance capable of absorbing 
and desorbing a gas to absorb or desorb the gas 
for measuring the absorbing or desorbing char- 
acteristics thereof, and more particularly to an ap- 
paratus for measuring the hydrogen absorbing or 
desorbing characteristics of hydrogen absorbing al- 
loys. 

BACKGROUND OF THE INVENTION 

In recent years, attention has been directed to 
hydrogen absorbing alloys for the negative elec- 
trodes of alkali batteries and as hydrogen storage 
materials. Such hydrogen absorbing alloys are pre- 
par d by alloying a mixture of a rare-earth metal 
and a transition metal in a specified ratio, and 
typical of these alloys are, for example, LaNi 5i 
MmNi 2 Co3 (wherein Mm is a misch metal), etc. 

In designing various devices, it is important to 
m asure the hydrogen absorb! ng/desorbing char- 
acteristics of hydrogen absorbing alloys. These 
characteristics are used for setting the amount of 
hydrogen to be retained, pressure resistance, etc., 
are data indispensable to the provision of safety 
devices and are utilized also for improving the alloy 
when required. 

The hydrogen absorbing/desorbing characteris- 
tics are represented basically by a pressure-com- 
position isotherm (PCT) diagram. As shown in FIG. 
21, the diagram represents the relationship be- 
tween the pressure (ordinate) and the amount of 
hydrogen absorption (abscissa) under a specified 
temperature condition. 

FIG. 20 shows a Sieverts* device convention- 
ally used for measuring the data required for pre- 
paring a PCT diagram. 

The Sieverts* device has a sample container 
161 packed with a sample 162 of the hydrogen 
absorbing alloy to be checked for characteristics, 
and a gas storage container 164 connected to the 
container 161 via a manual valve 163. A hydrogen 
supply source 166 is connected to the gas storage 
container 164 by a hydrogen supply pipe provided 
with a manual valve 165. The gas storage container 
164 is connected to a hydrogen discharge pipe via 
a manual valve 167 and further to a vacuum pump 
168. With the valves 165 and 167 closed, the 
pressure and temperature of hydrogen gas are 
measured respectively by a pressure sensor 169 
and a temperature sensor which is provided on the 
storag container 164. 

The hydrogen absorbing characteristics ar 
m asured by this devic by th following proce- 
dur . 
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First, hydrogen gas of specified pressure is 
supplied from the gas storage container 164 to the 
sample container 161 at a specified temperature. 
At this time, the hydrogen content of the sample 
5 alloy is measured to calculate the amount of ab- 
sorbed hydrogen (wt. % or atomic ratio). The 
amount of absorbed hydrogen can be calculated, 
for example, from the pressure difference resulting 
from the introduction of hydrogen and the internal 
io volume of the system using an equation of state of 
the gas. The amount of absorbed hydrogen and the 
hydrogen gas pressure value thus obtained are 
plotted on a PCT diagram (o mark in FIG. 21 ). 

Next, hydrogen gas of slightly increased pres- 
15 sure is supplied to the sample container, similarly 
followed by measurement of the hydrogen content 
of the sample and calculation of the amount of 
absorbed hydrogen. The value of hydrogen gas 
pressure and the amount of absorbed hydrogen are 
20 plotted on the PCT diagram. 

In this way, the pressure of the hydrogen gas 
to be supplied is increased stepwise, the hydrogen 
content of the sample alloy is measured every 
time, and the pressure value and the amount of 
25 absorbed hydrogen are plotted. For the determina- 
tion of hydrogen desorbing characteristics, the 
pressure is conversely decreased stepwise. 

For preparing the PCT diagram from the mea- 
surement data, the items of data necessary for the 
30 alloy sample are about 20 points in the direction of 
absorption (pressure increase direction) and about 
20 points in the direction of desorption (pressure 
decrease direction), i.e., about 40 points in total. 
When the PCT diagram is prepared at each of 
35 different specified temperatures, 40 points multi- 
plied by the number of different temperatures is 
the total number of measurements. 

The hydrogen gas pressure is set by adjusting 
the degree of opening of the manual valve 165. 
40 When the hydrogen gas pressure is to be set at a 
value of about 0.01 to about 0.5 MPa, it is usually 
necessary to vary the pressure within the range of 
about 0.01 to about 0.1 MPa. However, the pres- 
sure of hydrogen gas cylinders serving as the 
45 hydrogen supply source is 12 to 15 MPa when the 
cylinder is filled up, and the pressure is as high as 
about 5 to about 6 MPa even when reduced by a 
regulator. It is therefore difficult to finely adjust the 
amount of hydrogen gas to be set. 
50 Needle valves are generally used as the valves 

of the device. These valves wear if opened and 
closed every time the measurement is made, 
whereas since hydrogen molecules are extremely 
small, the wear, if slight, permits a leak and is 
55 objectionable. 

FIG. 22 shows a devic proposed to reduce th 
opening and closing frequ ncy of the manual valve 
165 and effect automated measurement. This de- 
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vice has a resistance pipe 170 and an inlet valve 
171 of the two-position change-over type between 
the manual valve 165 and the gas storage con- 
tainer 164. An outlet valve 172 of the two-position 
change-over type and a resistance pipe 173 are 
arranged also between the gas storage container 
164 and the vacuum pump 168. The resistance 
pipe 173 is provided with a bypass line which has 
a bypass valve 1 74. 

With this device, when the gas is introduced, 
the valves 165, 171 are opened, the valves 172, 
163 are closed, and the state of pressure is mon- 
itored at all times by the pressure sensor 169. 
Upon the gas pressure exceeding a set value, the 
valve 171 is closed and the valve 163 is opened. 
When the gas is discharged, the valves 163, 171 
are closed, the valves 172, 174 are opened, and 
the state of pressure is always monitored by the 
pressure sensor 169 as in the case of introduction 
of the gas. Upon the gas pressure dropping below 
a set value, the valve 172 is closed, and the valve 
163 is opened. Thus, feedback control is resorted 
to for closing the valves 171, 172 after the set 
pressure is reached and therefore requires pres- 
sure monitoring means of high time resolution or a 
high-speed data logger. Delay in response leads to 
a great deviation from the set value. 

Since the manual valve 165 is always left open 
during the introduction and discharge of the gas, 
the valve is free of the objectionable wear due to 
repeated opening and closing unlike the device of 
FIG. 20, but the flow rate of the gas is adjusted by 
varying the opening degree of valve and is accord- 
ingly difficult to adjust finely. 

An object of the present invention which has 
overcome the foregoing problems is to provide a 
measuring apparatus and a measuring method 
which readily permit fine adjustment of set pres- 
sure of the gas to be supplied or discharged with- 
out necessitating a high-speed data logger or the 
like. 

SUMMARY OF THE INVENTION 

The present invention relates to an apparatus 
for measuring the gas absorbing and/or desorbing 
characteristics of a substance having a property to 
absorb a gas. The apparatus comprises a sample 
container for containing the substance, a gas stor- 
age connected to the sample container for storing 
the gas until a predetermined pressure is reached, 
a gas supply source for supplying the gas to the 
gas storage, a first valve provided on a line con- 
necting th gas supply source to the gas storage, a 
second valve provided on the lin between th first 
valv and the gas storage, and a third valve pro- 
vided on a gas discharge line connect d to the line 
between the first valve and the second valv , th 
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first, second and third valves being each a two- 
position valve having an open position and a closed 
position, the valves defining a region thereby sur- 
rounded and serving as a preliminary storage for 

5 temporarily holding the gas when the gas is sup- 
plied or discharged. 

Preferably, the gas storage is provided with a 
gas holder for adjusting the amount of gas to be 
stored in the gas storage. 

10 When the gas is supplied, the first valve and 

the second valve are alternately opened and closed 
to intermittently supply the gas stored in the pre- 
liminary storage to the gas storage and pressurize 
the gas storage stepwise until the predetermined 

75 pressure is reached. The gas stored in the gas 
storage to the predetermined pressure is supplied 
to the sample container at a time. 

When the gas is discharged, the second valve 
and the third valve are alternately opened and 

20 closed to temporarily hold the gas of the gas 
storage in the preliminary storage, thereafter dis- 
charge the gas to a gas discharge portion intermit- 
tently and releave the gas storage of pressure 
stepwise to a predetermined pressure. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary schematic diagram of an 
apparatus embodying the invention; 
30 FIG. 2 is a schematic diagram of the apparatus 
embodying the invention; 

FIG. 3 is a diagram for illustrating a control 
sequence of opening and closing a first valve 
and a second valve alternately; 

35 FIG. 4 is a graph showing the relationship be- 
tween the number m of times the first valve and 
the second valve are opened and closed and 
the pressure P of a hydrogen storage; 
FIG. 5 is a diagram for illustrating a control 

40 sequence of opening and closing the second 
valve and a third valve alternately; 
FIG. 6 is a graph showing the relationship be- 
tween the number m of times the second valve 
and the third valve are opened and closed and 

45 the pressure P of the hydrogen storage; 

FIG. 7 is a diagram showing the entire construc- 
tion of the apparatus embodying the invention; 
FIG. 8 is a flow chart of hydrogen absorption- 
desorption cycle measurement conducted with 

50 use of the apparatus of the invention; 

FIG. 9 is a flow chart of applying a predeter- 
mined pressure in the hydrogen absorption-de- 
sorption cycle measurement of FIG. 8; 
FIG. 10 is a diagram showing the open or 

55 closed state of valves involved in the hydrogen 
absorption-desorption cycle m asurem nt of 
FIG. 8; 
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FIG. 11 is a diagram showing pressure vari- 
ations with time as involved in the hydrogen 
absorption-desorption cycle measurement of 
FIG. 8; 

FIG. 12 is a flow chart of measuring hydrogen 
absorbing characteristics for preparing a PCT 
diagram with use of the apparatus of the inven- 
tion; 

FIG. 13 is a flow chart of appying a predeter- 
mined pressure in the hydrogen absorbing char- 
acteristics measurement of FIG. 12; 
FIG. 14 is a diagram showing the open or 
closed state of the valves involved in the hy- 
drogen absorbing characteristics measurement 
of FIG. 12; 

FIG. 15 is a diagram showing pressure vari- 
ations with time as involved in the hydrogen 
absorbing characteristics measurement of FIG. 
12; 

FIG. 16 is a flow chart of measuring hydrogen 
desorbing characteristics for preparing a PCT 
diagram with use of the apparatus of the inven- 
tion; 

FIG. 17 is a flow chart of applying a predeter- 
mined pressure in the hydrogen desorbing char- 
acteristics measurement of FIG. 16; 
FIG. 18 is a diagram showing the open or 
closed state of the valves involved in the hy- 
drogen desorbing characteristics measurement 
of FIG. 16; 

FIG. 19 is a diagram showing pressure vari- 
ations with time as involved in the hydrogen 
desorbing characteristics measurement of FIG. 
16; 

FIG. 20 is a fragmentary schematic diagram of a 
conventional measuring device; 
FIG. 21 is an example of PCT diagram; and 
FIG. 22 is a fragmentary schematic diagram of a 
conventional automatic measuring device. 

DETAILED DESCRIPTION OF EMBODIMENT 

FIG. 1 is a fragmentary schematic diagram of 
an apparatus embodying the present invention. 

Since a hydrogen absorbing alloy is used as 
the sample for the embodiment, hydrogen gas is 
used as the gas to be checked for characteristics, 
but the invention is not limited to this case. For 
example, the embodiment is of course usable for a 
substance which forms a nitride by absorbing nitro- 
gen. 

Indicated at 1 in FIG. 1 is a first valve, at 2 a 
second valve, at 3 a third valve, and at 4 a fourth 
valve. Th se valves are each a two-position valve 
having an open position and a closed position. 
According to the embodiment, th valve is a pneu- 
matic valve. When the pneumatic valve is opened 
in response to an operating signal from outside, air 
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flows thereinto, holding the valve in the open posi- 
tion. The inside space of the piping surrounded by 
the first valve 1, second valve 2 and third valve 3 
serves as a preliminary storage having a constant 
5 volume V1 which is 7 ml in the case of the embodi- 
ment. 

The inside region of the piping defined by the 
second valve 2 and the fourth valve 4 serves as a 
hydrogen storage, the volume of which is ex- 

w pressed by V2. 

The portion of the piping connecting the sec- 
ond valve 2 to the fourth valve 4 can be provided 
with a hydrogen storage container 5. When this 
container 5 is provided, the space volume V2 of 

75 the hydrogen storage is the sum of the inside 
volume of the piping and the volume of the hy- 
drogen storage container 5. With the present em- 
bodiment, V2 is 40 ml. 

A gas holder 44 can be connected to the 

20 hydrogen storage via a valve 36. The total volume 
of the hydrogen storage is variable by opening this 
valve 36. The total volume of the hydrogen storage 
is selectively variable over a wide range by setting 
the gas holder 44 at an altered volume. 

25 The volume of the gas holder 44 is 310 ml 

according to the embodiment. The gas holder pro- 
vided makes it possible to vary the space volume 
V2 of the hydrogen storage over the range of 40 to 
350 ml. 

30 Indicated at 6 is a pressure sensor for measur- 

ing the pressure of the hydrogen storage. The 
pressure measured by the sensor 6 is indicated by 
a pressure indicator 11. A sample container 7 is 
used for holding a hydrogen absorbing alloy as a 

35 sample 8 in the form of a powder. The amount of 
the alloy is about 5 g in weight. The sample 
container 7 comprises a closed receptacle for sub- 
stantially holding the sample 8 therein, and piping 
for connecting the closed receptacle to the fourth 

40 valve 4. The sample container 7 has a definite 
volume V3, which is in the range of 20 to 30 ml. 

A thermostat 9 is means for maintaining at a 
constant temperature the sample container 7 hold- 
ing the hydrogen absorbing alloy, and contains a 

45 heat medium in the form of a 1:1 mixture of eth- 
ylene glycol and water. The temperature of the 
sample container 7 and the sample 8 can be varied 
over the range of -40° C to less than 100° C by- 
using the heat medium. The temperature of the 

so heat medium is measured by a temperature sensor 
10 and indicated by a temperature indicator 12. 

The first valve 1 is connected to a hydrogen 
supply source by a supply pipe 13. The third valve 
3 is connected to a hydrogen discharge portion by 

55 a discharge pip 14. 

The piping constituting the line and the con- 
tainers, etc. connected to the line are made prefer- 
ably of stainless steel for the pr vention of corro- 

4 
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sion. 

Next, the concept of the present apparatus 
including the control thereof will be described with 
reference to FIG. 2. The pressure P measured by 
the pressure sensor 6 is fed to a computer 15 
through a signal line 18. The computer 15 is given 
a set value P s 17 in advance, compares the pres- 
sure P with this value and delivers an output 19 in 
the form of an output signal for controlling the 
opening-closing operation of the valves. The output 
19 is fed to valve control means 16. The valve 
control means 16, which is called a sequencer, 
feeds respective opening-closing signals to the first 
valve 1 through the signal line 20, to the second 
valve 2 through the signal line 21 , to the third valve 

3 through the signal line 22 and to the fourth valve 

4 through the signal line 23 to open and close the 
first valve 1 to the fourth valve 4 according to the 
output 19. 

Pressure Increasing Process 

First, a description will be given of a pressure 
increasing process for causing the sample 8 to 
absorb hydrogen. 

A control sequence of opening and closing the 
first valve 1 and the second valve 2 alternately will 
be described with reference to FIG. 3. In FIG. 3, 
"C w represents the closed state of the valve, and 
n O" represents the open state of the valve. The 
process includes the following steps (1 ) to (5). The 
third valve 3 remains closed in the present pro- 
cess. 

(1) The first valve 1 is opened to supply hy- 
drogen gas from the hydrogen supply source to 
the preliminary storage. 

(2) The first valve 1 is closed. At this time, the 
pressure of the preliminary storage VI is held at 
the same level as the pressure of the supply 
source. The pressure of the hydrogen supply 
source is generally reduced by a regulator. 

(3) The second valve 2 is opened with the first 
valve 1 left closed, whereby the hydrogen gas 
held in the preliminary storage is supplied to the 
hydrogen storage. 

(4) The second valve 2 is closed. 

(5) The steps (1) to (4) are repeated until the 
pressure P of the hydrogen storage reaches the 
set value P*. 

In this way, the increase of the pressure of the 
hydrogen storage at least to the set value P s is 
recognized, whereupon the steps (1 ) to (4) of open- 
ing and closing the first valve 1 and the second 
valv 2 are terminated, followed by a m asuring 
mode. For xample, the fourth valv 4 is opened to 
supply the hydrogen gas to th sample 8. 

With the apparatus of the invention, the first 
and second valves 1 , 2 are opened and closed by 



the steps (1) to (5). FIG. 4 shows the relationship 
between the number m of times these valves are 
opened and closed and the internal pressure P of 
the hydrogen storage (V2 in volume). Thus, the 
5 pressure of the hydrogen storage can be increased 
to the set value P s . 

Pressure Decreasing Process 

io Next, a description will be given of an example 

of pressure decreasing process for desorbing hy- 
drogen from the sample 8 with reference to FIGS. 
5 and 6. 

FIG. 5 shows a control sequence of opening 
75 and closing the second valve 2 and the third valve 
3 alternately. In FIG. 5, the closed state of the 
valve is represented by "C", and the open state of 
the valve by "O". The process comprises the fol- 
lowing steps (1) to (5). The first valve 1 remains 
20 closed during the present process. 

(1) The third valve 3 is opened to discharge 
hydrogen gas from the preliminary storage to 
the hydrogen discharge portion via the dis- 
charge pipe 14. The discharge portion has a 

25 vacuum pump, which is used for evacuating the 
preliminary storage to a vacuum. 

(2) The third valve 3 is closed. At this time, the 
preliminary storage V1 is maintained almost in a 
vacuum. 

30 (3) The second valve 2 is opened with the third 
valve 3 held closed, whereby hydrogen gas held 
in the hydrogen storage is supplied to the pre- 
liminary storage. 

(4) The second valve 2 is closed. 
35 (5) The steps (1) to (4) are repeated until the 
pressure P of the hydrogen storage reaches a 
set value P s . 
In this way, the decrease of pressure of the 
hydrogen storage at least to the set value P s is 
40 recognized, whereupon a measuring mode follows. 
For example, the fourth valve 4 is opened to dis- 
charge hydrogen gas from the sample container 7. 

The third valve 3 and the second valve 2 are 
alternately opened and closed by the steps (1) to 
45 (5). FIG. 6 shows the relationship between the 
number m of times these valves are opened and 
closed and the pressure P within the hydrogen 
storage (V2 in volume). Thus, the pressure of the 
hydrogen storage can be decreased stepwise to 
so the set value P s . Entire Construction of Apparatus 
of the Invention 

FIG. 7 is a diagram showing the entire con- 
struction of the apparatus according to the embodi- 
ment. The portions already described with refer- 
55 nee to FIGS. 1 to 6 will not b described again. 

The signal line 20 extending from the valve 
control means 16 is connected to an lectromag- 
netic valve 28, which is opened and closed in 
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response to an opening-closing signal from the 
valve control means 16. When the valve 28 is 
opened, compressed air is supplied to the first 
valve 1, holding the first valve 1 in the open state. 
Conversely when the valve 28 is closed, the supply 
of compressed air is shut off to close the first valve 
1. 

Similarly, the signal line 21 is connected to an 
electromagnetic valve 29, the signal line 22 to an 
electromagnetic valve 30, the signal line 23 to an 
electromagnetic valve 31, a signal line 24 to an 
electromagnetic valve 32, and a signal line 25 to an 
electromagnetic valve 33. The valve 29 is con- 
nected to the second valve 2, the valve 30 to the 
third valve 3, the valve 31 to the fourth valve 4, the 
valv 32 to the valve 36, and the valve 33 to a 
valve 37. Opening and closing the respective elec- 
tromagnetic valves open and close the correspond- 
ing valves, respectively, in the same manner as 
described above. 

Especially signal lines 26 and 27 are con- 
nected to electromagnetic valves 34 and 35, re- 
spectively. The valve 34, when opened, aspirates 
hydrogen gas remaining at various portions. The 
valve 35 is a leak valve. When opened, the elec- 
tromagnetic valve 35 prevents reverse flow of oil 
contained in the vacuum pump 47 when the pump 
47 is stopped. 

In the above apparatus, hydrogen gas is sup- 
plied from a hydrogen gas cylinder 38. When filled 
up, the cylinder 38 has a gas pressure of 12 to 15 
MPa. The hydrogen pressure of the cylinder is 
reduced to a predetermined level by a regulator 39. 
The hydrogen gas of reduced pressure is supplied 
to the first valve 1 through the supply pipe 1 3. The 
pressure is reduced usually to a value of about 5 to 
about 6 MPa. 

The pressure of the hydrogen storage con- 
tainer 5 provided for the hydrogen storage is in- 
dicated by a pressure gauge. The pressure is 
measured also by the pressure sensor 6. A vacu- 
um gauge 41 connected to the hydrogen storage 
container 5 via a valve 42 measures the degree of 
vacuum in the container 5 and the sample con- 
tainer 7 when these containers are evacuated. Fur- 
ther connected to the hydrogen storage container 5 
is a temperature sensor 43 for measuring the tem- 
perature of the hydrogen gas in the hydrogen stor- 
age. 

A vacuum discharge portion will be described 
next. The vacuum discharge portion comprises the 
above-mentioned electromagnetic valves 34. 35 
and vacuum pump 47, and further a buffer tank 45 
and a relief valve 46. Th vacuum discharg por- 
tion is connected by the discharge pipe 14 to the 
third valve 3 and the vatve 37. During evacuation, 
the gas is t mporarily admitt d into the buffer tank 
45, thereby reduced in pressur moderately and 
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released through the relief valve 46 for a further 
pressure reduction. In the case where the gas 
released is hydrogen or like combustible gas, it is 
desired to collect the gas. The internal pressure of 
5 the buffer tank 45 is reduced approximately to 
atmospheric pressure, and the electromagnetic 
valve 34 is opened to effect evacuation without 
overloading the vacuum pump 47. 

Next, the sample container 7 will be described. 
10 The sample container 7 comprises a sample holder 
61, the hydrogen absorbing alloy 8 as a sample, 
the thermostat 9, the temperature sensor 10 for the 
thermostat, a first manual valve 48, a second man- 
ual valve 49 and a holder opening-closing valve 51 . 
75 The sample holder 61 is packed with the alloy 8 in 
the form of a powder. The sample holder 61 is 
connected to the first manual valve 48 via the 
holder opening-closing valve 51. Provided between 
the valve 51 and the valve 48 are a sample-side 
20 connector 50 and a first manual valve-side connec- 
tor 52. The sample-side connector 50 can be sepa- 
rated from the valve-side connector 52 to remove 
the sample holder 61. In this state, the second 
valve 49 is closed. 
25 The sample holder 61 is immersed in the ther- 

mostat 9. When there arises a need for measuring 
temperatures in excess of the temperature range of 
the thermostat 9, an auxiliary thermostat 62 is 
prepared. The auxiliary thermostat 62 contains a 
30 heat medium comprising silicone oil. This heat 
medium is variable in temperature over the range 
of about 50° C to about 200° C. The temperature of 
the medium is measured also by the temperature 
sensor 10 as shifted. For measurement with use of 
35 the auxiliary thermostat 62, the sample-side con- 
nector 50 is connected to a second valve-side 
connector 53. In this case, the first manual valve 48 
is held closed. 

The foregoing procedure affords analog mea- 
40 surements, which are converted into digital data by 
a data logger 59. Stated more specifically, the 
pressure sensor 6 produces a gas pressure signal, 
which is then fed to the pressure indicator 11 for 
indication via a signal line 57 and is further fed to 
45 the data logger 59. The vacuum gauge 41 feeds a 
vacuum degree signal to a vacuum degree indica- 
tor 54 via a signal line 56 for indication, and the 
signal is fed also to the data logger 59. Addition- 
ally, the temperature sensor 43 produces a gas 
so temperature signal, which is fed to a temperature 
indicator 55 via a signal line 58 for indication and is 
further fed also to the data logger 59. The thermo- 
stat temperature sensor 10 produces a thermostat 
temperature signal, which is fed to th thermostat 
55 temperature indicator 12 through a signal line 60 
for indication and is further fed similarly to th data 
logger 59. 
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The items of digital data as converted by the 
data logger, 59 are given to the computer 15 
through the signal line 18, and are preserved when 
so desired. Hydrogen Absorption-Desorption Cycle 
Measurement 

The apparatus of the present invention is used 
for checking hydrogen absorbing alloys for cycle 
life. FIG. 8 is a flow chart of hydrogen absorption- 
desorption cycle measurement, which will be de- 
scribed below. 

(1) The sample holder 61 is connected to the 
main body of the apparatus, and the thermostat 
is set to a desired temperature. Absorption-de- 
sorption frequency k is set at 0. 

(2) Measuring conditions are input to the com- 
puter 15. More specifically, evacuation time is 
set at tw, reaction time at tr, set value of the 
pressure to be applied at Pa s »k, and absorption- 
desorption frequency at n as the measuring 
conditions. These conditions are variable as de- 
sired in the subsequent steps. 

<3) Time t is set at 0, and absorption-desorption 
frequency k is set at k + 1 . 

(4) The sample holder 61 is evacuated until time 
t becomes tv. 

(5) Hydrogen gas of specified gas pressure 
Pa s »k is introduced into the hydrogen storage. 
The specified gas pressure Pa s »k is the set 
pressure to be applied in the absorption-desorp- 
tion cycle for the kth absorption and desorption. 

(6) Time t is set at 0. 

(7) Effect a hydrogen absorption reaction until 
time t becomes tr. When t = tr, the pressure P 
is measured to obtain Pe*k = P. 

(8) When the absorption-desorption frequency k 
is n, the cycle measurement is terminated. If 
otherwise, the steps (3) to (7) are repeated. 

The hydrogen absorption-desorption cycle 
measurement is completed by the foregoing steps 
(1) to (8). The step (5) in particular will be de- 
scribed in detail with reference to FIG. 9, a flow 
chart of applying the specified pressure in the 
hydrogen absorption-desorption cycle measure- 
ment The step (5) includes the following steps (5)- 
1 to (5)-4- 

(5)-1: The pressure Pa s »k to be applied is auto- 
matically set at a value obtained by adding a 
pressure difference A P to be applied, to absorp- 
tion equilibrium pressure Pe»k-1 in the imme- 
diately preceding absortion reaction step (k-1). 
(5)-2: The first valve 1 and the second valve 2 
are alternately opened and closed by the pres- 
sure increasing process previously described to 
introduce hydrog n gas into the hydrogen stor- 
ag . 

(5)-3: The hydrogen gas pressure P of the hy- 
drogen storage is measured. 



(5)-4: When the gas pressure P increases to at 
least the applied pressure set value Pa s *k, Pa*k 
= P to terminate the specified gas pressure 
application step. While the set value Pa s *k is 
5 made approximate to Pa»k, the difference be- 

tween Pa s *k and Pa*k can be diminished by 
decreasing the space volume of the preliminary 
storage. 

If the hydrogen gas pressure P is below the set 
w value Pa s «k, the foregoing steps (5)-2 to (5)-4 are 
repeated. 

The step of applying the specified gas pres- 
sure is completed by the steps (5)-1 to (5)-4. 

FIG. 10 shows the open or closed state of the 
75 valves in the hydrogen absorption-desorption cycle 
measurement conducted by the steps (1) to (8). In 
FIG. 10, the closed state of the valve is repre- 
sented by X", and the open state of the valve by 
"O", and "O — ►O" or "O — ►C" means repetition of 
20 the open state and the closed state. 

FIG. 11 shows pressure variations with time as 
involved in the hydrogen absorption-desorption cy- 
cle measurement. In FIG. 11, tw is a waiting time 
required for the hydrogen gas temperature, raised 
25 by an adiabatic compression effect after the ap- 
plication of specified gas pressure, to be brought to 
a steady state. The value is set in the computer 15 
in advance. Measurement of Hydrogen Absorbing 
Characteristics for PCT Characteristics Curve 
30 The apparatus of the invention is used for 

preparing PCT characteristics curves. 

FIG. 12 is a flow chart of measuring hydrogen 
absorbing characteristics. The measuring operation 
will be described below. 
35 (1) The sample holder 61 is connected to the 
main body of the apparatus, and the thermostat 
9 is set at a desired temperature. The number of 
steps, k, of the absorption reaction is set at 0. 

(2) Measuring conditions are input to the com- 
40 puter 15. More specifically, evacuation time is 

set at tv, reaction time at tr, the upper limit of 
the pressure to be measured at Pu, and pres- 
sure difference between applied pressures at 
AP as the measuring conditions. These con- 
45 ditions are variable as desired in the subsequent 
steps. 

(3) Time t is set at 0. 

(4) The sample holder 61 is evacuated until time 
t becomes tv. 

50 4 (5) Hydrogen gas of specified gas pressure 
Pa s »k is introduced into the hydrogen storage. 
The specified gas pressure Pa s -k is the set 
pressure to be applied for the absorption reac- 
tion of the kth step. 

55 (6) Time t is set at 0. 

(7) Effect the hydrogen absorption reaction until 
time t becomes tr. When t = tr, th pr ssur P 
is measured to obtain Pe-k = P. 
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(8) When the equilibrium hydrogen gas pressure 
Pe»k in the kth absorption reaction step is 
greater than Pu, the PCT characteristics curve 
measurement in the hydrogen absorption pro- 
cess is terminated. If Pe-k is not greater than 
Pu, the foregoing steps (5) to (7) are repeated. 
The measurement of hydrogen absorption 
characteristics for preparing the PCT characteris- 
tics curve is completed by the steps (1 ) to (8). The 
step (5) in particular comprises the following steps 
(5)-1 to (5)-4 when described in greater detail with 
reference to FIG. 13, a flow chart of applying the 
specified pressure. 

(5)-1: The pressure Pa s »k to be applied is auto- 
matically set at a value obtained by adding a 
pressure difference A P to be applied, to absorp- 
tion equilibrium pressure Pe»k-1 in the imme- 
diately preceding absorption reaction step (k-1). 
(5)-2: The first valve 1 and the second valve 2 
are alternately opened and closed by the pres- 
sure increasing process previously described to 
introduce hydrogen gas into the hydrogen stor- 
age. 

(5)-3: The hydrogen gas pressure P of the hy- 
drogen storage is measured. 
(5)-4: When the gas pressure P increases to at 
least the applied pressure set value Pa s *k, Pa-k 
= P to terminate the specified gas pressure 
application step. If the hydrogen gas pressure P 
is below the set value Pa s «k, the foregoing 
steps (5)-2 to (5)-4 are repeated. 
The step of applying the specified gas pres- 
sure is completed by the steps (5)-1 to (5)-4. 

FIG. 14 shows the open or closed state of the 
valves in the hydrogen absorpting characteristics 
measurement conducted by the steps (1) to (8). In 
FIG. 14, the closed state of the valve is repre- 
sented by "C n , and the open state of the valve by 
"O". and "O — -O" or "O— C" means repetition of 
the open state and the closed state. 

FIG. 15 shows pressure variations with time as 
involved in the hydrogen absorbing characteristics 
measurement for the PCT characteristics curve. In 
FIG. 15, tw is a waiting time required for the 
hydrogen gas temperature, raised by an adiabatic 
compression effect after the application of specified 
gas pressure, to be brought to a steady state. The 
value is set in the computer 15 in advance. 

Measurement of Hydrogen Desorbing Characteris- 
tics for PCT Characteristics Cuve 

FIG. 16 is a flow chart of measuring hydrogen 
desorpting characteristics for the PCT characteris- 
tics curve. The measuring operation will be de- 
scribed below. 

(1) The sample holder 61 is connected to the 
main body of the apparatus, and the thermostat 
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9 is set at a desired temperature. The number k 
of desorption reaction steps is set at 0. 
(2) Measuring conditions are input to the com- 
puter 15. More specifically, reaction time is set 
5 at tr, the lower limit of the pressure to be mea- 

sured at P L , and difference of the pressure of 
discharge gas at AP as the measuring con- 
ditions. These conditions are variable as desired 
in the subsequent steps. 
io (3) Hydrogen gas of specified pressure Pd»k is 
discharged from the hydrogen storage. The 
specified gas pressure Pd-k is the desporption 
pressure of the kth desorption reaction step. 
(4) Time t is set at 0. 
75 (5) Effect the hydorgen desorption reaction until 
time t becomes tr. When t = tr, the pressure P 
is measured to obtain Pe-k = P. 
(6) When the equilibrium hydrogen gas pressure 
Pe»k in the kth desorption reaction step is 
20 smaller than or equal to P L , the PCT characteris- 
tics curve measurement in the hydrogen desorp- 
tion process is terminated. If Pe.k is greater than 
P L , the above steps (3) to (6) are repeated. 
The measurement of hydrogen desportion 
25 characteristics for preparing the PCT characteris- 
tics curve is completed by the steps (1) to (6). The 
step (3) in particular comprises the following steps 
(3H to (3)-4 when described in greater detail with 
reference to the flow chart of FIG. 17. 
30 (3)-1: The discharge gas pressure Pd s »k is auto- 
matically set at a value obtained by subtracting 
the difference AP of discharge gas pressure 
from the desorption equilibrium pressure Pe»k-1 
immediately preceding desorption reaction step 
35 (1-1). When Pe*k-1 - AP is negative, Pd s »k is 
set at 0. The discharge gas pressure Pd s »k is 
that set for the kth desorption reaction step. 
(3)-2: The second valve 2 and the third valve 3 
are alternately opened and closed by the pres- 
40 sure decreasing process already described to 
discharge hydrogen gas from the hydrogen stor- 
age. 

(3>-3: The hydrogen gas pressure P of the hy- 
drogen storage is measured. 
45 (3)-4: When the hydrogen gas pressure P de- 
creases to not higher than the discharge gas 
pressure Pd s »k, Pd»k = P to terminate the step 
of discharging the gas of specified pressure. 
When the hydrogen gas pressure P is higher 
so than the discharge gas pressure Pd s -k, the 
above steps (3)-2 to (3)-4 are repeated. 
The gas discharge step is completed by the 
steps (3)-1 to <3)-4. 

FIG. 18 shows the open or closed state of the 
55 valv s in the hydrogen desorbing characteristics 
measurement conducted by the steps (1) to (6). In 
FIG. 18, the closed state of the valv is repre- 
sented by "C", and the open state of the valve by 
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"O", and "O — *0" or "O — *C" means repetition of 
the open state and the closed state. 

FIG. 19 shows pressure variations with time as 
involved in the hydrogen desorbing characteristics 
measurement for the PCT characteristics curve. IN 
FIG. 19, tw is a waiting time required for the 
hydrogen gas temperature, lowered by an adiabatic 
expansion effect after the removal of specified gas 
pressure, to be brought to a steady state. The 
value is set in the computer 1 5 in advance. 

The present invention provides an apparatus 
for measuring the characteristics, for example, of a 
hydrogen absorbing alloy by causing the alloy to 
absorb or desorb hydrogen gas, the apparatus be- 
ing repeatedly usable with high stability over a 
prolonged period of time. 

Further the present invention makes it possible 
to automatically control such characteristics mea- 
suring apparatus while assuring the apparatus of 
high measuring accuracy. 

With the apparatus of the invention, a reduction 
in the space volume V1 of the preliminary storage 
decreases the amount of gas to be supplied to the 
gas storage V2 at a time or to be discharged from 
the gas storage V2 at a time. This diminishes the 
deviation from the set value to an almost negligible 
extent. Alternatively, the pressure to be applied 
from the hydrogen supply source is adjusted in 
accordance with the level of set pressure to de- 
crease the amount of gas to be supplied to the gas 
storage by one valve opening-closing operation, 
whereby the deviation from the set value can be 
diminished. 

Although the present invention has been de- 
scribed with reference to an embodiment, the in- 
vention is in no way limited to the embodiment but 
can be practiced as suitably modified within the 
scope of the invention. 



the first, second and third valves being 
each a two-position valve having an open posi- 
tion and a closed position, the valves defining 
a region thereby surrounded and serving as a 
5 preliminary storage for temporarily holding the 

gas when the gas is supplied or discharged. 

2. An apparatus as defined in claim 1 wherein the 
gas storage is provided with a gas holder for 

io adjusting the amount of gas to be stored in the 

gas storage. 

3. An apparatus as defined in claim 1 wherein 
valve control means is provided for controlling 

75 opening and closing of the valves, and the first 

valve and the second valve are alternately 
opened and closed under the control of the 
valve control means to thereby intermittently 
supply the gas to the gas storage and pressur- 

20 ize the gas storage stepwise until the predeter- 

mined pressure is reached. 

4. An apparatus as defined in claim 1 wherein 
valve control means is provided for controlling 

25 opening and closing of the valves, and the 

second valve and the third valve are alternately 
opened and closed under the control of the 
valve control means to thereby intermittently 
discharge the gas from the gas storage and 

30 releave the gas storage of pressure stepwise 

until a predetermined pressure is reached. 

5. An apparatus as defined in claim 1 wherein the 
substance is a hydrogen absorbing alloy, and 

35 the gas is hydrogen. 

6. A method of measuring the gas absorbing 
characteristics of a substance having proper- 
ties to absorb and desorb a gas by temporarily 
storing in a gas storage the gas to be supplied 
from a gas supply source and supplying the 
stored gas to a sample container after the gas 
storage has reached a predetermined pres- 
sure, the method being characterized by the 
steps of: 

(a) supplying the gas from the gas supply 
source to a preliminary storage, 

(b) supplying the gas stored in the prelimi- 
nary storage to the gas storage, 

(c) repeating the steps (a) and (b) until the 
pressure of the gas storage reaches the 
predetermined value, and 

(d) supplying the gas stored in the gas 
storage to the sample container when the 
pressure of the gas storage has reached at 
least the predetermined value. 



Claims 40 

1. An apparatus for measuring the gas absorbing 
and/or desorbing characteristics of a substance 
having a property to absorb a gas, the appara- 
tus having a sample container for containing 45 
the substance, a gas storage connected to the 
sample container for storing the gas until a 
predetermined pressure is reached, and a gas 
supply source for supplying the gas to the gas 
storage, the apparatus being characterized in 50 
that the apparatus comprises: 

a first valve provided on a line connecting 
the gas supply source to the gas storage, 

a second valve provid d on the line be- 
tween the first valve and th gas storage, and 55 

a third valve provided on a gas discharge 
line connected to the line between the first 
valve and the second valve, 
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7. A method of measuring the gas desorbing 
characteristics of a substance having proper- 
ties to absorb and desorb a gas by discharging 
the gas from a sample container to a gas 
discharge portion through a gas storage after 5 
the gas in the gas storage has dropped to a 
predetermined pressure, the method being 
characterized by the steps of: 

(a) supplying the gas present in the gas 
storage to a preliminary storage, io 

(b) discharging the gas stored in the pre- 
liminary storage to the gas discharge por- 
tion, 

(c) repeating the steps (a) and (b) until the 
pressure of the gas storage reduces to not is 
higher than the predetermined value, and 

(d) discharging the gas in the sample con- 
tainer to the gas storage when the pressure 
of the gas storage has reduced to not high- 
er than the predetermined value. 20 
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